In collisions of heavy nuclei at high energies, a new state of matter consisting of deconfined quarks and gluons at high density is expected [1] . Large transverse momentum (p T ) partons in the high-density system result from the initial hard scattering of nucleon constituents. After a hard scattering, the parton fragments to create a highenergy cluster (jet) of particles. A high-momentum parton traversing a dense colored medium is predicted to experience substantial energy loss [2, 3] and may be absorbed. Measurement of the parton fragmentation products after hard-scattering processes in nuclear collisions may reveal effects due to the interaction of high-p T partons traversing the medium, thereby measuring the gluon density of the medium [4] .
Hard-scattering processes have been established at high p T in elementary collisions at high energy through the measurement of jets [5] [6] [7] , back-to-back jets (dijets) [8] , high-p T single particles, and back-to-back correlations between high-p T hadrons [9] . Jets have been shown to carry the momentum of the parent parton [10] . The jet cross sections and high-p T single particle spectra are well described over a broad range of energies [11] in terms of the hadron's parton distributions, hard parton scattering treated by perturbative QCD, and subsequent fragmentation of the parton. In the absence of effects of the nuclear medium, the rate of hard processes should scale linearly with the number of binary nucleon-nucleon collisions. Recent results from the Relativistic Heavy-Ion Collider (RHIC), however, show a suppression of the single particle inclusive spectra of hadrons for p T > 2 GeV=c in central Au Au collisions, indicating substantial inmedium interactions [12, 13] .
In this Letter, we report measurements of two-hadron angular correlations at large transverse momentum for p p and Au Au collisions at s NN p 200 GeV. These measurements provide the most direct evidence for production of jets in high-energy nucleus-nucleus collisions and allow first measurements, inaccessible in inclusive spectra, of the fate of back-to-back jets in the dense medium as a function of the size of the overlapping system. The results suggest significant interaction of hard-scattered partons (or their fragmentation products) in the medium, with a strong dependence on the geometry and distance of traversal. The measurements were made using the STAR detector [14] at RHIC at Brookhaven National Laboratory. STAR is a large acceptance magnetic spectrometer, with a large time projection chamber (TPC) inside a 0.5 T solenoidal magnet. The TPC measures the trajectories of charged particles and determines the particle momenta. The TPC has full azimuthal coverage over a pseudorapidity range jj < 1:5. STAR has excellent position and momentum resolution [the Gaussian width of the track curvature k / 1=p T is k=k 0:005p T =GeV=c 0:0076], and, due to its vertexing capabilities, identifies many sources of secondary particles. The p p analysis uses 10 10 6 minimum bias p p events triggered on the coincidence of signals from scintillator annuli spanning 3:5 jj 5:0. The Au Au analysis uses 1:7 10 6 minimum bias events and 1:5 10 6 top 10% central events. Partons fragment into jets of hadrons in a cone around the direction of the original hard-scattered parton. The leading hadron in the jet tends to be most closely aligned with the original parton direction [15] . The large multiplicities in Au Au collisions make full jet reconstruction impractical. Thus, we utilize two-particle azimuthal correlations of high-p T charged hadrons [16] to identify jets on a statistical basis, with known sources of background correlations subtracted.
Events with at least one large transverse momentum hadron (4 < p trig T < 6 or 3 < p trig T < 4 GeV=c), defined to be a trigger particle, are used in this analysis. For each of the trigger particles in the event, we increment the number N; of associated tracks with 2 GeV=c < p T < p trig T as a function of their azimuthal () and pseudorapidity () separations from the trigger particle. We then construct an overall azimuthal pair distribution per trigger particle,
where N trigger is the observed number of tracks satisfying the trigger requirement. The efficiency for finding the associated particle is evaluated by embedding simulated tracks in real data. In order to have a high and constant tracking efficiency, the tracks are restricted to jj < 0:7; hence, jj < 1:4. The track reconstruction efficiency varies from 77% for the most central Au Au collisions to 90% for the most peripheral Au Au and p p collisions. Identical analysis procedures are applied to the p p and Au Au data. Displayed in Fig. 1 are the azimuthal distributions for same-sign and opposite-sign charged pairs from the (a) p p data and (b) minimum bias Au Au data for 4 < p trig T < 6 GeV=c. The data are integrated over the relative pseudorapidity range 0 < jj < 1:4. Clear correlation peaks are observed near 0 and in the data. The opposite-sign correlations at small relative azimuth are larger than those of the samesign particle pairs, while the sign has a negligible effect on the back-to-back correlations.
To isolate the jetlike correlations (localized in , ) in central Au Au collisions, the azimuthal distributions are measured for two regions, jj < 0:5 and 0:5 < jj < 1:4 [16] . The difference between these two azimuthal distributions is displayed in Fig. 1 The ratios of the opposite-sign to same-sign peak areas are 2:7 0:9stat 0:2syst for p p and 2:5 0:6 0:2 for central Au Au collisions. The preference for oppositely charged leading and next-to-leading hadrons [17] arises in jet fragmentation from dynamical charge correlations that originate from the formation ofpairs along a string between two partons. The Hijing event generator, which utilizes the Lund string fragmentation scheme [18] incorporating these concepts, predicts a ratio of 2:6 0:7 for the opposite-sign to same-sign correlation strengths. The agreement of this ratio with those measured suggests that the same jet production mechanism is responsible for the 0 correlation of high-p T charged hadrons in p p and central Au Au collisions.
The decay of resonances would also lead to small-angle azimuthal correlations, but could not explain the observed correlation of particles with the same charge sign and the strong back-to-back correlations of large p T particles seen for p p collisions in Fig. 1(a) . The Fig. 1(c) . A quantitative analysis of back-to-back jet survival in Au Au requires the more detailed treatment of background correlations described below.
In addition to correlations due to jets, the two-particle azimuthal distributions in Au Au exhibit a structure attributable to an elliptic flow anisotropy of single particle production relative to the reaction plane [16] , dN=d ÿ r / 1 2v 2 cos2 ÿ r , where r is the reaction-plane angle determined event by event and v 2 is the elliptic flow parameter. This leads to a twoparticle azimuthal distribution of the form dN=d B1 2v 2 2 cos2. Previous measurements [16] using several methods have shown that sizable v 2 values persist to high p T . In this Letter, v 2 is determined using a reaction-plane method.
A simple reference model can be constructed by subdividing the N; trigger-associated particle pairs into two classes: (1) pairs arising from a common partonic hard-scattering subprocess, where the measured correlation for pp events provides a suitable template for comparison and (2) pairs from all other high-p T sources, including independent hard scatterings within the same event. Assuming that the only azimuthal correlation for class 2 pairs is that from elliptic flow, the model suggests a two-particle distribution,
The elliptic flow parameter (v 2 ) is measured independently in the same set of events and is taken to be constant for p T > 2 GeV=c [16] (i.e., the same for trigger and associated particles). The parameter B, introduced as an estimate of the a priori unknown fraction of all pairs falling in class 2, is then determined by fitting the observed D AuAu in the region 0:75 < jj < 2:24 rad, where the measured D pp is close to zero. In Fig. 2 , the azimuthal distributions for 0 < jj < 1:4 in Au Au collisions at various centralities are compared to Eq. (2) using the measured p p data. The centrality selection is constructed by subdividing the Au Au minimum bias data sample into subsamples with different charged particle multiplicities within jj < 0:5. The parameters v 2 and B are determined independently for each centrality bin and are listed in Table I . For all centralities, the azimuthal correlation near 0 is well described by Eq. (2). However, the back-to-back correlations are suppressed in Au Au collisions compared to the expectation from Eq. (2), and the suppression is greater for more central collisions. The most central collisions show no indication of any back-to-back correlations beyond that expected from elliptic flow.
The ratio of the measured Au Au correlation excess relative to the p p correlation is
The ratio can be plotted as a function of the number of participating nucleons (N part ), deduced from the centrality bins as described in Ref. [13] . I AA is measured for both the small-angle (jj < 0:75 rad) and back-to-back (jj > 2:24 rad) regions. The ratio should be unity if the hard-scattering component of Au Au collisions is a superposition of p p collisions unaffected by the nuclear medium. These ratios are given in Fig. 3 for the trigger particle momentum ranges indicated. The asymmetric systematic errors are dominated by the 5%= ÿ20% systematic uncertainty on v 2 due to the potential nonflow (including jet) contributions [19] as well as other sources of systematic uncertainty [16] . For the most peripheral bin (smallest N part ), both the small-angle and back-to-back correlation strengths are suppressed compared to the expectation from Eq. (2). This may be an indication of initial-state nuclear effects such as shadowing of parton distributions or scattering by multiple nucleons, or it may be indicative of energy loss in a dilute medium [20] . As N part increases, the smallangle correlation strength increases, with a more pronounced increase for the trigger particles with lower p T threshold. A large nonjet contribution to particle production above p trig T would dilute the jet related correlation signal and reduce this ratio. The back-to-back correlation strength, above background from elliptic flow, decreases with increasing N part and is consistent with zero for the most central collisions. In the extreme case, if there were no elliptic flow for the 0%-5% most central collisions, I AA 2:24; 0:4 0:1 for 4 < p trig T < 6 GeV=c, compared to I AA 2:24; 0:1 0:1 using the measured elliptic flow value. Therefore, an overestimation of the elliptic flow cannot explain the observed suppression of back-to-back correlations.
Analyses of fixed-target experiments [21] have suggested that the shape of the back-to-back dihadron azimuthal distribution is sensitive to the intrinsic parton transverse momentum k T in the initial state. In protonnucleus and nucleus-nucleus collisions, additional initialstate transverse momentum can be generated by multiple nucleon-nucleon interactions preceding a hard scattering [22 -24] . To investigate whether this nuclear k T can account for the observed deficit of back-to-back azimuthal correlations in central Au Au collisions, we have carried out Pythia [18] simulations varying the Gaussian k T parameter. A rather extreme change from the nominal value of 1 GeV=c to 4 GeV=c introduced only a small effect, reducing the predicted I AA 2:24; by less than 20%. Experimental study of initial-state effects on the azimuthal correlations requires the measurement of pd Au collisions at RHIC energies.
In addition to the present data, two other striking effects have been observed at high p T in nuclear collisions at RHIC: strong suppression of the inclusive hadron yield in central collisions [12, 13] and large elliptic flow which saturates at p T > 3 GeV=c [16] . These phenomena suggest a picture in which hadrons at p T > 3-4 GeV=c are primarily fragments of hard-scattered partons, and partons or their fragments are strongly scattered or absorbed in the nuclear medium. The observed hadrons therefore result preferentially from partons generated on the periphery of the reaction zone and heading outwards [25] . In this picture, the inclusive yield will be suppressed relative to the binary scaling expectation, and the strong position-momentum correlation required to explain the large elliptic flow [26] emerges naturally. Small-angle hadron correlations will have weak dependence on the size of the colliding system, whereas back-to-back correlations will exhibit strong suppression for a large system relative to a small one, both as observed.
In summary, STAR has measured azimuthal correlations for high-p T charged particles over a large relative pseudorapidity range with full azimuthal angle coverage. Comparison of the opposite-sign and same-sign correlation strengths indicates that hard scattering and fragmentation are major sources of charged hadrons with p T > 4 GeV=c in central Au Au collisions. The azimuthal correlations in Au Au collisions have been treated as the superposition of independently determined elliptic flow and individual hard parton scattering contributions, the latter measured in the STAR p p data. The most striking feature of the hard-scattering component is an increasing suppression of back-to-back relative to smallangle correlations with increasing centrality. These observations appear consistent with large energy loss in a system that is opaque to the propagation of highmomentum partons or their fragmentation products.
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